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Abstract: Inductance loop detection systems serve as a primary data source to contemporary traffic information systems.
Measures like 20-second or 30-second average velocity, flow, and lane occupancy can be aggregated from indi-
vidual loop detector actuation sampled at 60 Hz typically. Practically, these measures would sometimes be further
aggregated into a much lower, e.g. 15-minute, resolution and then the raw data were lost. Valuable traffic informa-
tion like flow variation may be distorted when the lower resolution aggregation is practiced. A biased conclusion
could be drawn from a data integration system consisted of this kind of distortions. Three approaches estimating
a peak hour factor based on traffic volume from loop detection systems are introduced in this paper to explore
such a quality issue for data integration systems. Peak hour factor is commonly used in Highway Capacity Manual
for determining and evaluating future system needs. By processing the raw data with the introduced approaches,
different PHFs can be determined from a same traffic dataset. It is found that 2% to 5% (about one standard
deviation from the mean) reduction in PHF may have 5 to 20 seconds increase in control delay estimation. The
results suggest that distortion of control delay estimation at a signalized intersection exists due to an improper
aggregation. That is, data quality might not be good enough for a right decision if the data were not processed
appropriately.
Keywords: Process-Oriented • Data Quality • Data Integration • Data Resolution • Peak Hour Factor
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1. Introduction
Highly organized and integrated data can supportinformed and comprehensive transportation decision-making. With the development of data integration system(DIS), data/information quality is becoming a first classproperty which is more and more required by end-users[1]. Bringing compatibility to the disparate data sets is
challenging because each system usually is characterizedby limited capability. Much information and guidance isneeded to address the technical and other organizationalchallenges involved in data integration. Inductive loopdetectors are widely used in the United States to pro-vide traffic data for advanced traffic management systems(ATMS) and advanced traveler information systems (ATIS)as well as for actuate intersection signal controllers. Mea-
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sures like 20-second or 30-second average velocity, flow,and lane occupancy can be aggregated from individualloop detector actuation sampled at 60 Hz typically. Muchuseful data regarding individual vehicles is possibly drawnwith this level of resolution (e.g. [2]). However, data in thislevel of resolution would sometimes practically be furtheraggregated into a much lower, e.g. 15-minute, level ofresolution and then the raw data were lost. Valuable traf-fic information like flow variation might be distorted oncethe data were aggregated in a lower resolution. A biasedconclusion could be drawn from a data integration systemconsisted of this kind of distortions. In order to explorethis kind of data quality issue for transportation data inte-gration systems, three approaches estimating a peak-hourfactor (PHF) based on traffic volume from loop detectionsystems are introduced in this paper. Peak-hour factoris commonly used in the Transportation Research Board’sHighway Capacity Manual (HCM) [3] for the purpose ofconverting peak-hour traffic volume to the design hour flowrate, which is in turn used to assess various measures ofeffectiveness (MOEs) as well as the level of service (LOS)for transportation facilities. Because it is used in vir-tually all HCM methodologies, any change in the valueof PHF could have a very strong impact on the analysisresults as well as any subsequent engineering decisionsand treatments [4]. Traffic demand and flow patterns fluc-tuate for a wide variety of reasons (e.g. [5]), ranging fromhuman psychology to weather conditions. The variationdominates operational performance at signalized intersec-tions [6]. A commonly accepted "catch-all" explanation fortraffic-flow fluctuation is the stochastic nature of a systeminvolving a multitude of autonomous agents. Tarko andPerez-Cartagena [7] investigated the variability of PHFover time and across locations, finding that day-to-dayvariability is as strong as site-to-site variability. Theyrecommend that PHF be estimated on the basis of severaldays of vehicle counting to improve the precision of the av-erage PHF estimate. There is still some debate as to howPHF is and should be calculated (e.g. [8, 9]). Decadesago, when the concept of PHF was first established, thedata resolution of common automated traffic counters waslimited to 15-minute counts due to technical constraintssuch as device memory and transmission bandwidth. Thepeak hour was established as the four consecutive 15-minute periods with the highest total volume for the day,and the one period with the highest volume among thesefour 15-minute periods was described as the peak 15 min-utes. The design hour flow rate is, then, four times thepeak 15-minute volume. Using the HCM definition, PHFcan then be calculated in a straightforward fashion:
PHF = Peak-Hour VolumeDesign Hour Flow Rate = V4× V15 (1)
where V is peak hour volume and V15 is volume duringthe peak 15 minutes of flow.As technology has advanced and overcome the storagespace and communication bandwidth issues, detector dataresolution has greatly increased. Nowadays, it is not un-common for transportation agencies to routinely collectand archive traffic data at 30-second intervals [10]. Withsuch a wealth of data available, better calculation of thepeak 15-minute volume and peak-hour factor should bewithin the grasp of today’s traffic engineers. However, thecommon practice is still to aggregate the 30-second datainto 15-minute volumes and in that process, more or less"throw away" about 97%, or 29 out of every 30 pieces, ofdata. Such aggregation of data is not only wasteful, butalso leads to discrepancies in the identification and cal-culation of the true peak hour, the peak 15 minutes, andthe PHF. While such aggregations may be appropriatefor serving as inputs to control system algorithms and savedisk space for archiving the volume data, much useful dataregarding traffic variation which may further result cyclefailures are lost. A distortion of information may be sug-gested due to the lost information. This paper presents thesources of the discrepancies in PHF calculation, proposesalternative ways to calculate PHF and peak 15-minutevolume, explores the magnitude of the discrepancies, anddemonstrates the impact on performance estimation whendata were processed improperly.
2. Discrepancies in PHF
The discrepancies in PHF calculation when 30-seconddata are aggregated into 15-minute volumes result pri-marily from two sources: aggregation clock offset andnon-inclusive peak flow. These concepts are presentedbelow.
2.1. Aggregation clock offset
Depending on the beginning point of the aggregation pro-cess, that is, if the aggregation starts at exact midnight, or30 seconds after that, or 5 minutes thereafter, the averagecount for the first and every subsequent 15-minute periodwould be different for each case. Figure 1 shows a one-day worth of real-world 30-second data from a randomlyselected detector in Minnesota. The two curves trackingthe middle of the data are 15-minute average volumes.The only difference, in terms of calculation, between themis that one starts at exactly midnight and the other isoffset by 7 minutes and 30 seconds.It is easy to discern that the two aggregation results,though they both track the average of the 30-second data,
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Figure 1. 30-second and 15-minute Flow Rates from Real Data
are different. The 15-minute data peaks at 6:15:00 AMwith a two-lane flow rate of 2,364 vph for one case andat 6:22:30 AM with a rate of 2,452 vph for the other. Infact, there could be 30 different ways, or offset values, ofaggregating the 30-seond data. Chances are good thatthe one offset that yields the highest peak 15-minute flowrate and the one that yields the highest peak hour volumeare not the same; in fact, neither will be picked most ofthe time.This realization means that the peak 15-minute flow rateused for HCM analysis is often underestimated. In otherwords, the situation is no better and often far worse thanHCM calculation reports.
2.2. Non-inclusive peak flow
The conventional approach to PHF involves first identi-fying the peak hour of the day, and then the peak 15minutes within the peak hour, which is simple and easyto follow. With the availability of 30-second data, onecan still identify the peak hour by searching for the con-secutive 120 30-second data points with the highest sum;
similarly, the peak 15-minute period is represented by theconsecutive 30 data points with the highest sum.The problem is that the peak 15 minute period is not guar-anteed to be entirely contained in the peak hour. A quicklook at the one-day data from 1,669 detectors on Min-nesota’s Twin City Metro freeway reveals that about 18%of the detectors have their peak 15 minutes at least par-tially outside the peak hour. Of these, about 58% havetheir peak 15 minutes entirely outside the peak hour. Byrestraining the search duration within the peak hour andsettle for the "local" peak 15 minutes, a certain proportionof all peak hour factors are artificially increased and as aresult, the actual traffic is underestimated.
3. PHF Calculations
To address the discrepancies in PHF values resulting fromthe aggregation of high-resolution detector data, this pa-per proposes two alternative approaches to the currentHCM calculation shown earlier in Eq.1 and presentedherein with more details.
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3.1. Aggregation approach (A)
The conventional method of PHF calculation uses 15-minute traffic counts. Since many existing computer pro-grams and procedures use this protocol, simply aggregat-ing the 30-second data into 15-minute volume and the oldprocedures and software can be done as before.To aggregate the 30-second data, νj , into 15-minute vol-ume, Vi, assuming data were collected for the entire 24hours by simply using the following equation:
Vi = 30i+k∑j=30i−29+k+νj (2)
whereVi is the volume of the ith 15-min period of theday, i = 1,2, Ě, 96;νj is the volume of the jth 30-sec period of theday, j = 1,2, Ě, 2880k is aggregation clock offset by a multiple of 30sec., k = 0,1, Ě, 29.Once the data are aggregated the peak hour, defined asthe highest consecutive 15-minute counts, can be identi-fied:
V = max [n+3∑i=n Vi
] , n = 1, 2, ..., 93 (3)
where V is the peak-hour volume.Within the peak hour, the peak 15-minute volume, V15,can also be identified easily.
V15 = max [Vi∗Vi∗+1, Vi∗+2, V i ∗+3 (4)where i∗ is the first 15-minute data point of the identifiedpeak hour. Simply applying Eq. 1 would yield PHF forthis approach.
3.2. Constrained approach (B)
The constrained approach also seeks to identify the peakhour first and then locate the peak 15-min period withinthat hour. The main difference between this approach andthe aggregation approach is the searching steps, whichdepend on the resolution of data. Since 30-second dataare used, the 120 consecutive data points (out of the totalof 2,880) with the highest volume can be identified.
V = max [n+119∑j=n νj
] , n = 1, 2, ..., 2761 (5)
After that, the peak 15-min period within the hour can beidentified as:
V15 = max [j∗+n+29∑j=j∗+n νj
] , n = 0, 1, ..., 90 (6)
Where j∗ is the first 30-second data point of the identifiedpeak hour.
3.3. Unconstrained approach (C)
The distinction of the unconstrained approach is that itsearches for both the peak hour and the peak 15 min-utes independently from each other. That is, the peak15-minute period does not have to lie within the peakhour. This approach guarantees the true peak hour, notaggregated to the nearest 15 minutes, and the true peak15 minutes, not within any confine of time. The calcula-tion of the peak hour volume, V , is the same as Eq. 5.Thus, the peak 15 minutes can be identified as follows:
V = max [n+29∑j=n νj
] , n = 1, 2, ..., 2851 (7)
4. Real-Word Data Descriptions
Traffic-count data collected by the Minnesota Departmentof Transportation at 30-second intervals were used for theanalysis. Data from 60 detectors widely distributed onthe Twin City Metro freeways network (see Fig. 2) werechosen to avoid close proximity and, potentially, high cor-relations.For the temporal horizon, sixty days in twelve consecutiveweeks in 2008 were selected. Since the peak periods arethe focus of this study, only weekday data were consid-ered. In total, there are 10,368,000 data points in 3600detector-day combinations for the analysis.
5. Results and discussion
All peak periods (hourly and 15 minutes) were identifiedfor each day of count data using approaches A, B, and C,respectively. Statistics of PHFs from the three approachesare summarized in Table 1. For the data used in this study,about 17% (611 out of 3,600 cases) have the true peak 15minutes partially or entirely outside of the peak hour.If the resultant PHF are viewed from the three above ap-proaches alone, the average underestimation in PHF bythe conventional aggregation approach (A) of actual traf-fic is not great, only about 2% or 3% less than that fromapproaches B and C, respectively (see Figs. 3 and 4).This is because even though the peak 15-minute volumeis on average underestimated by 7 to 8% (see Figs. 5 and
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Figure 2. Twin City Metro Network System and Detector Locations
Table 1. Statistics of the PHFs by Calculation ApproachesPHF Aggregation Constrained UnconstrainedMean 0.8898 0.8723 0.8653Std. Div. 0.0751 0.0741 0.0759Max 0.9969 0.9824 0.9783Min 0.2772 0.3590 0.3590
6), the peak hour volume is also underestimated. As thePHF is a function of the ratio of peak hour volume to thepeak 15-minute volume, when both are underestimated bya similar magnitude, the underestimation in the resultantPHF appears to be less significant.The cumulative frequency in Figure 7 suggests that more
than 50% of the counters saw a 5% underestimation intheir peak 15-minute volumes and more than 20% saw a10% underestimation when approach A was used insteadof the unconstrained approach C. Figure 8 also tells asimilar story when approach A was used instead of theconstrained approach B. These are very significant dis-crepancies.In the absence of field measurements, a lower PHF leadsto a higher design hour flow rate for a HCM analysis [6].As shown previously, the PHF estimated by an alternativeapproach, say approach B, is on average about 2% lowerthan the conventional approach, A. Figure 9 illustratesthe impact of 2% reduction in PHF on the estimation ofcontrol delay at a signalized intersection. Under higher
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Figure 3. Comparison of PHF Computed by Approaches A and B
Figure 4. Comparison of PHF Computed by Approaches A and C
volume and lower PHF conditions, a 2% reduction in PHFcan make an appreciable increase in the delay estimation.For example, control delay is estimated to increase over5 seconds when the volume is greater than 800 vph andPHF less than 0.92. A drop in level of service, LOS, ispossible for such a case.Now, what if there is a reduction of 5% (only about onestandard deviation from the mean) in PHF? Figure 10
Figure 5. Comparison of Percentage Error between B and A
Figure 6. Comparison of Percentage Error between C and A
shows that much larger control delay can result. For thesame case with 800 vph and PHF around 0.92, an increaseof about 20 seconds could result. The drop in LOS wouldbe quite significant.
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Figure 7. Cumulative Frequency of the Ratio of Volume Difference
between C and A
Figure 8. Cumulative Frequency of the Ratio of Volume Difference
between C and A
6. Summary and recommendations
While it is expected that PHF may vary over time and bylocations, the impact of increased data resolution has notbeen previously recognized or explored. While it may betempting to just aggregate the count data of finer resolu-tion, e.g. 30-second data, to a more familiar level, i.e. 15-minute data, the insights lost and the errors introduced bythis simple act may be significant, as demonstrated in this
Figure 9. Impact of 2% Reduction in PHF on Control Delay
Figure 10. Impact of 5% Reduction in PHF on Control Delay
paper. Both non-aggregated approaches, constrained (B)or unconstrained (C) identify the true peak hour and morerealistic peak 15-minute volume for a set of count data.It is evident that the unconstrained approach provides thetrue peak 15-minute flow rate, but the authors also ac-knowledge that the constrained approach with the peak15-minute with the true peak hour is, arguably, more inline with HCM’s original spirit. With these considerationsin mind, the authors make the following recommendations.
1. If the count is natively 15-minute volume data, theconventional approach for PHF calculation is stillthe best alternative.
2. When applying the new PHF to obtain design hourflow rate, one should use it with the "true" peakhour calculated from 30-second data. If such isnot available, a 2 to 5% reduction on PHF may beexacted to compensate for the use of conventionalpeak hour volume.
3. TRB’s Highway Capacity and Quality of Servicecommittee may want to look into various MOEmethodologies to take into consideration the im-pacts of increased data resolution.
Highly organized and integrated data can support in-formed and comprehensive transportation decision-makingif appropriate details can be presented. This paper showsthe data quality would not be good enough for PHF es-timation if they were not processed properly. An inap-propriate PHF estimation may conclude a poor decision.Therefore, data quality should be evaluated carefully withwhat they had been processed for transportation data in-tegration systems.
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